leech adorning the walls in a tomb of the 18th dynasty of Pharaohs (1557-1308 BC; Whitaker, Rao, et al., 2004 ) . This practice continued with the Greeks. Nicader of Colophain, a Greek poet, physician, and grammarian, in 200 BC, recorded the use of medicinal leeches in his medical poem Alexipharmaca ( Wells et al., 1993 ) . Chinese writings described medicinal leeching, as did references in Sanskrit, Persian, and Arabic literature. The Romans also utilized leeches and were recognized as naming them Hirudo ( Whitaker, Rao, et al., 2004 ) .
During the Christian era, the usage of the bloodsucking action of leeches was so popular, and leeches were utilized in almost every region in the world ( Abdualkader, Ghawi, Alaama, Awang, & Merzouk, 2013 ) . The Syrian Themison of Laodicea advanced the use of leeches for bloodletting at the beginning of the Christian era. He proposed that evil spirits were thought to cause illness and removal of these evil spirits required blood withdrawal. Greek physicians used bloodletting for all sorts of ailments including rheumatic pains, gout, fever, and hearing loss ( Abdualkader et al., 2013 ) . , a prominent Greek physician, surgeon, and philosopher in the Roman Empire, commonly used leeches for bloodletting. His humoral concept, removal of the patient's blood would correct the humoral imbalance and restore good health, made leech therapy widespread ( Whitaker, Izadi, Oliver, Monteath, & Butler, 2004 ) . His theories dominated and infl uenced Western medical science for well over a millennium. The four humors of ancient medical philosophy were blood, phlegm, black bile, and yellow bile ( American Hirudotherapy Association, n.d. ; Wells et al., 1993 ) . The belief at the time was the four humors had to be kept in balance in order for the human body to function properly, and any disease or illness was thought to be a result of imbalances of these humors. Galen believed that blood was the dominant humor and most need of control. Leeches, by removing blood, helped restore this balance ( Wells et al., 1993 ) . In Greece, bloodletting was standard practice around the time of Hippocrates ( American Hirudotherapy Association, 2016 ; Wells et al., 1993 ) . Herophilos (335-280 BC), a Greek physician and scientist, was the fi rst to systematically perform dissections of the human cadaver and is known as the fi rst anatomist. Both Herophilos and Hippocrates used medicinal leeches for bloodletting to remove blood from individuals in order to balance the humors ( American Hirudotherapy Association, n.d. ; Wells et al., 1993 ) .
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In the Middle Ages, the practice of bloodletting was continued by barber surgeons. Barber surgeons were believed to have used a staff for the patient to grasp so that the veins on the arms would stand out, a basin to hold leeches and catch blood, and copious supply of linen bandages were utilized for bloodletting ( Whitaker, Rao, et al., 2004 ) . These bloodstained bandages were wrapped around the barber's pole in the wind and are responsible for the modern-day red and white striped pole outside barber shops today ( Whitaker, Rao, et al., 2004 ) . The earliest barber poles were adorned on the top with an ornamental leech basin, which, over time, transformed to the ball on top of the poles common today ( Whitaker, Rao, et al., 2004 ) . Leeches were better tolerated than other methods of bloodletting, including a blade or lancet, attributing to their popularity.
The use of leeches reached its pinnacle with FrancoisJoseph-Victor Broussais (1772-1832), a surgeon in Napoleon's Grande Armée. Broussais has been referred to as the most sanguinary physician in history, as he proposed all diseases resulted from a buildup of blood and could be alleviated with heavy leeching and starvation ( Whitaker, Rao, et al., 2004 ) . Leeches were in so much demand during Napoleon's time that the supply throughout Europe and the United States was almost exhausted . Leeches became a therapeutic agent par excellence and even inspired fashion. Females wore imitation leech decorations on their garments and even used the leech for cosmetic purposes to enhance their pale complexions ( Whitaker, Rao, et al., 2004 ) .
By the mid-1800s, the demand for leeches was so large that an estimated 30 million leeches were shipped annually from Germany to the United States ( Wells et al., 1993 ) . In that same time period, Russia consumed 30 million leeches annually, and in 1833 alone, French doctors imported almost 42 million leeches. Then, the annual consumption approached 100 million leeches ( Whitaker, Rao, et al., 2004 ) . Of course, this demand made prices soar. The French government granted awards to companies that could improve production by developing new stocks from marshes, ponds, and streams, thereby becoming a lucrative source of income ( Whitaker, Rao, et al., 2004 ) . Also, the German government became concerned about continuing to meet these increasing domestic needs and, in 1835, offered a $500 award to anyone who was able to breed European leeches in the United States. The European leech was preferred over the American counterpart, Hirudo decora , as the American leech did not make as large or deep incisions and drew less blood ( Whitaker, Rao, et al., 2004 ) . During this time, the traffi cking of leeches reached an all-time high worldwide . Afterward, the use of medicinal leeches waxed and waned and nearly disappeared. Unfortunately, by the end of the 19th century, the use of leeches had lost its therapeutic popularity because it did not fi t in with the concepts and development of modern physiology, pathology, and microbiology .
In ( 1883, John Haycraft , a British professor of physiology, conducted medical research and published articles on the coagulation of blood and brought the use of leeches back into fashion. In 1884, he discovered that the leech secreted a powerful anticoagulant, which he named "hirudine," after the Latin word hirudo ( Whitaker, Rao, et al., 2004 ) . In 1955, hirudine was isolated by Markwardt, who accurately extracted hirudine from the pharyngeal glands of the leech, ensuring its medical importance. Hirudine's structure was not fully determined until the 1970s. This discovery brought the possible uses of leech therapy back. In 1986, this potent anticoagulant was fi rst produced in quantity by genetic engineering (Fields, 1991) .
During the second half of the 20th century, medical journals began reporting the use of leeches to aid in postsurgery survival of fl aps, replants, and transplants ( Abdelgabar & Bhowmick, 2003 ; Whitaker, Izadi, et al., 2012 ) . Since that time, leech therapy has made a comeback. During microvascular surgery, arterial anastomosis may be easier to successfully accomplish then venous anastomosis, as restricted venous fl ow may cause congestion in the fl ap or replant. In the effort to prevent fl ap or replant loss, leeches are used to reduce this congestion by removing blood that cannot exit otherwise. Whitaker, conducted a survey in the United Kingdom and found that 80% of the plastic and reconstructive surgeons had used leech therapy in the previous 5 years postoperatively on compromised free fl aps or digital transplants. The use of leeches has recently been rediscovered and continues to be used today in the specialty of plastic surgery, as well as maxillofacial and other microsurgery specialties, to aid in salvaging compromised free fl aps, pedicled fl aps, amputated digits, and ears and nasal tips with venous congestion ( Whitaker, Rao, et al., 2004 ) . This age-old remedy remains the mainstay of treatment of venous congestion.
ANATOMY AND PHYSIOLOGY OF THE LEECH
We often think of bugs and critters as things to avoid and appear to exist only to irritate and bite. But the leech provides usefulness in plastic surgery. The early leeches were obtained from streams and rivers, but today they are purchased from companies that function as leech farms. It is recommended that facilities that utilize leech therapy have practice protocols in place, but, if that is not the case, recommendations provided from these companies should be followed. Leeches are hermaphroditic annelids, which belong to the class Hirudenea ( For more information on leeches and other annelids, visit: http:// www.biology-questions-and-answers.com/annelids.html ).
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Although there are various species within this class, Hirudo medicinalis has withstood the test of time and is used most often in medical therapy because it produces the deepest bite ( Wells et al., 1993 ; Yantis, O'Toole, & Ring, 2009 ). This species also produces the longest period of extravasation after the bite ( Wells et al., 1993 ; Yantis et al., 2009 ). The leech is a freshwater amphibious worm, usually black or brown in color and about 10 cm in length ( Wells et al., 1993 ; Yantis et al., 2009 ). The leech can ingest an amount almost 10 times its weight and may not require feeding for up to 1 year after its last meal during which time it will not bite ( Wells et al., 1993 ) . The leech's mouth has three jaws, with 100 tiny teeth in each jaw. The initial bite is usually painless, as the saliva of the leech is believed to contain an anesthetic agent ( Yantis et al., 2009 ) . The leech has two suckers, muscular organs, located in the anterior part of the head and on the posterior end ( Adams, 1988 ) . The posterior sucker is used for stability. Blood is sucked through contractions of the muscular pharynx into the crop where it is stored until it is digested ( Adams, 1988 ) . The leech will attach for a period lasting from 20 to 45 min and will suck between 5 and 15 ml of blood, which will be broken down by the fl ora in the gut ( Adams, 1988 ; Wells et al., 1993 ; Yantis et al., 2009 ) . Bleeding continues at the site after the leech detaches, providing the primary therapeutic effect in relieving congestion.
So how and why do this work? What properties does the leech possess that appear to make it such an important therapy for the plastic surgeon and the plastic surgery patient? The salivary glands of the leech secrete hirudin, a polypeptide of a known amino acid that has an affi nity for the coagulation enzyme thrombin ( Adams, 1988 ) . Hirudin inhibits the thrombin-catalyzed conversion of fi brinogen to fi brin ( Adams, 1988 ) . Until the discovery of heparin, hirudin was one of the few agents used to prevent blood from clotting and has been used as an anticoagulant during blood transfusions ( Adams, 1988 ; Setterlee & Hooker, 1915 ) .
Another pharmacologically active substance secreted by the leech is hyaluronidase, which may serve as a spreading factor in the wound. Leeches may also secrete a vasodilator in the form of antihistamine that may contribute to the prolonged bleeding seen after a leech bite ( Adams, 1988 ; Yantis et al., 2009 ). An anesthetic may also be secreted by the leech and account for the painless bite of the leech. Fibrinases, apyrases, and collagenase have also been found in the secretions of the leech that prevent platelet aggregation ( Adams, 1988 ; Lent, 1986 ; Yantis et al., 2009 ) . Antibacterial properties have also been attributed to the salivary extracts of the leech ( Adams, 1988 ; Lent, 1986 ) .
ASSESSMENT
Initiating leech therapy is based on physical assessment. The nurse should be able to differentiate between arterial insuffi ciency and venous congestion. In arterial insufficiency, the tissues are pale, turgid, and cool to touch and have slowed (longer than 2 s) or absent capillary refi ll. The tissues in venous insuffi ciency will have a purplish hue and be engorged, taut, and warm to touch. Capillary refi ll will be brisk and instantaneous (less than 1 s). Leech therapy is indicated for venous congestion but is contraindicated with arterial insuffi ciency ( Yantis et al., 2009 ).
In addition to monitoring tissues, the nurse should ask the patient whether they are or have recently taken any over-the-counter vitamins and herbals. Some can increase the risk of excessive bleeding or reduce the immune response. Vitamin E can prolong the prothrombin time, cause coagulopathy, and suppress immunity. Herbal supplements such as dong quai , garlic, ginger, Ginkgo biloba , and ginseng may increase the risk of hemorrhage, as well as aspirin, nonsteroidal anti-infl ammatories, heparin, and warfarin. Also, caffeine must be eliminated to decrease the risk of vasoconstriction ( Yantis et al., 2009 ).
As we have previously mentioned, venous congestion is the indication for leech therapy in plastic surgery. Contraindications exist and include patients who are immunocompromised, have bleeding disorders such as hemophilia, have preexisting arterial insuffi ciency, and have conditions that pose an extreme risk of blood loss or infection. Of course, patient refusal of leech therapy is also a contraindication ( Yantis et al., 2009 ) . Patient education regarding the purpose of leech therapy and the potential benefi ts can often alleviate refusal.
LEECH THERAPY
A physician's order is obtained to initiate leech therapy. This order must contain certain information including the number of leeches, frequency, and location ( Table 1 ). In addition, orders often include antithrombotics such as aspirin, heparin, heparin, or low-molecular-weight dextran to decrease the risk of venous thrombosis ( Yantis et al., 2009 ). Thorazine may be prescribed for its specifi c vasodilating effect on small blood vessels ( Yantis et al., 2009 ) . For the care of leeches, see Table 1 .
Attaching the leech may prove most challenging, but there are interventions that may be helpful. The area must be cleansed with water to remove any ointments, alcohol, or iodine from the skin that could prevent attachment. recommend using warmed heparinized saline. Wearing gloves gently grasp one leech. Some clinicians use forceps, but care must be taken to prevent injury to the leech. It may be helpful to have dry gauze in the nondominant hand, as the leech may attach to the wet glove and be diffi cult to remove. The dry gauze can aid in removing the leech from the wet glove and help guide the head of the leech to the therapy site.
There are several ways to aid the leech in attaching. The digit or fl ap may be pricked with a hypodermic
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Reconstruction Department needle to encourage the leech to attach to a specifi c area or site. Remove the plunger from a 5-or 10-ml syringe and place the leech in the barrel and invert, holding the open end in place until the leech attaches ( Figure 1 ). This may also prevent wandering of the leech away from the site. The head of the leech, the smallest part, should attach fi rst. As the leech attaches, the barrel can be gently removed to allow the posterior sucker to attach for stability. Leeches usually attach with both ends closely together in a "U" shape ( Yantis et al., 2009 ) . If the leech is resistant to attaching, there may be two possible explanations: the leech is satiated, or the diagnosis is arterial insuffi ciency rather than venous congestion ( Adams, 1988 ) . If the leech continues to be resistant to attach, place a drop of glucose at the desired site, as leeches are attracted to the sweet taste. Trying to gently prick the site again with the hypodermic needle may prove successful in getting the leech to attach. Leech migration is a potential problem with leech therapy. Placing dry gauze around the site, leaving only the site to be treated exposed to act as a corral, may prevent wandering. A clear occlusive dressing may also prove benefi cial, with a small hole cut to expose only the area to be treated. A plastic cup is another solution, with the base of the cup removed and a clear occlusive dressing placed over the base, allowing for monitoring of the leech. The cup is then taped in place. A cup may also be slit down the side and placed around the gauzed wrapped digit.
Leech therapy includes monitoring the site every 15 min to check on detachment and ensure that the leech has not migrated to another location. If the leech does not detach, do not forcibly remove the leech, as this could cause the teeth to be left in the patient and become a source of infection. If the leech does not detach, put a small amount of alcohol, saline, or vinegar on a pad or cotton swab and stroke the head of the leech ( Yantis et al., 2009 ) . Only small amounts of saline, alcohol, or vinegar should be used, as these substances are noxious to the leech and large amounts could cause the leech to regurgitate into the site, increasing the risk of infection ( Abdelgabar & Bhowmick, 2003 ) . Keeping the room warm to maintain a therapeutic temperature is necessary to prevent both 2. Leech orders during business hours: "order leeches through administrative offi cer; or business department (service center); leech USA 1-800-645-3569 will require a PO number; order leeches with Hirudo salt solution. " × 1 + Emergency leech orders on nights or weekends; "order leeches from the emergency number; order leeches with hirudu salt with scoop. Order refrigerator from service center for leeches before leeches arrive.
3. Call plastic surgery department to order a leech motel; take leeches out of their bag and place leeches in leech mobile home provided by Department of Plastic Surgery in the Hirudo salt solution and place in the refrigerator provided.
4. Care of leeches: mix 1 L of sterile water and one scoop of the Hirudo salt for leeches habitat; change the Hirudo salt and sterile water solution every 48 hr; write your initials and date on a piece of tape and place on the top of the leech mobile home.
5. Place used leeches in a container of 70% alcohol and soak leech at least 5 min to kill; then discard in a biohazard waste receptacle.
6. Check PCV each arm after leech application.
7. Leech application: "_______ leeches to the wound every ______ hours; initial application of leeches is done by the NP or resident. 
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which can progress to sepsis. Prophylactic antibiotics are usually given during therapy and for 2 weeks after therapy has ended. Aminoglycosides, fl uoroquinolones, tetracycline or sulfamethoxazole and trimethoprim is usually used ( Yantis et al., 2009 ).
CONCLUSION
Leech therapy has a place in plastic surgery, and the plastic surgical nurse must be familiar with the indications, implementation, and monitoring. This age-old therapy has withstood the test of time with its usefulness and promises to continue. This little critter can make the difference between limb loss and salvage and will most assuredly continue to be benefi cial to the plastic surgery practice that performs fl aps and replants.
arterial and venous circulation problems. The nurse should perform an evaluation of the site of therapy at least every 4 hr, assessing the appearance of the patient's skin for signs and symptoms of infection and check nearby pulses.
Baseline laboratory values should be obtained including a complete blood cell count, partial thromboplastin time, and prothrombin time ( Yantis et al., 2009 ). The physician should be notifi ed of any abnormal values. The leech will detach in 20-45 min, typically. Satiated leeches detach spontaneously. The greater benefi t of leech therapy is the blood loss that continues after the leech bites. After use, the leech should be destroyed in 70% alcohol solution placed in a cup with a screw lid such as a specimen container. The leech dies within 10 min and is then treated as biohazardous waste and disposed of in an appropriate waste receptacle. Because of the risk of blood-borne infections, the leech should never be used on another patient, nor is it useful to reuse a leech on the same patient after feeding, as leeches do not usually feed again for several weeks ( Yantis et al., 2009 ) .
Leech therapy usually continues for 3-7 days or until angiogenesis occurs. Success will be evidenced in the change in color of the tissues, with less of a purplish hue to a more normal skin color, less engorged, and to a more normal capillary refi ll ( Figure 1 ). Once angiogenesis is reestablished, venous drainage is suffi cient and therapy is no longer needed. If venous congestion persists between leech applications, therapy should continue ( Yantis et al., 2009 ).
COMPLICATIONS
As with most therapies and treatments, leech therapy is not without complications. Persistent and prolonged bleeding can occur. This can be easily treated with topical thrombin and pressure ( Wells et al., 1993 ; Yantis et al., 2009 ) . Excessive blood loss may necessitate blood transfusion. Allergic responses, including anaphylaxis, can also occur, and patients should be alerted to report allergy symptoms. Scarring has occurred but is usually minimal ( Yantis et al., 2009 ) .
The most serious complication of leech therapy is infection. The leech's digestive system contains Aeromonas hydrophilia, a Gram-negative bacillus that enables the breakdown of ingested blood and is part of the normal gut fl ora of the leech. Infections can arise 2-7 days after therapy begins and can result in abscesses and cellulitis,
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